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Abstract. Nisin. this highly effective bacteriocin has not yet deserved its adequate position among 
preservatives in food industry. but in the last decades the situation slowly improves. Combinations of chemicals 
and mild processes looks like having advantages in minimal processes food. One such „natural” chemical is 
nisin. In the presented experiments we aimed to develop a rapid method for screening the effect of preservative 
combinations on Gram-positive and Gram-negative microorganisms. A micro-method has been worked out and 
tested with some combined preservation treatment. 96 well flat bottom ELISA plates were used. Wells were 
filled with different broth compositions which contained preservatives (nisin+lactic- and propionic acid. etc.) in 
a basal medium in different concentrations and inoculated by bacterial suspensions at three dilutions. 
Absorbance changes of the wells were recorded during incubation (24 hours) by a Labsystems MULTISCAN 
photometer at 405. 450 and 600 nm wavelength. The basal medium was supplemented with resazurine redox 
indicator. The colour changes of resazurine indicator were measured reporting the reducing capacity of the 
bacteria during growth. The curves follow the growth of bacteria and the metabolic activity of them similarly. 
The inhibition effect of nisin and different combinations of treatments were compared and studied based on the 
changes of lag periods. the slopes of growing curves and maximal growth values. It has been concluded from the 
data. that an effective screening tool has been developed to test the effect of most different nisin combinations on 
selected Gram-positive and Gram-negative bacteria. Naturally promising nisin combination treatments selected 
in such tests have to be comfirmed in model experiments. especialy because high nisin concentrations were used 
to easily detect the effectivity of nisin in experiments. Staphylococcus aureus as a Gram-positive microorganism 
was readily inhibited at all nisin concentrations. on contrary the growth of Salmonella Derby was not influenced 
in the nisin concentrations applied; nisin seems to be ineffective with Gram-negatives according to the relevant 
literature too. Pseudomonas aeruginosa however well tolerated pH=5.3 made by lactic- and propionic acid but 
not in the presence of nisin. Listeria monocytogenes was inhibited in growth. the lag phase was elongated in the 
function of nisin concentration. but the slope of the log phase remained unchanged. The results were similar in 
the presence of SO42- anions (pH=7). but the elongation was much higher and nisin reduced the maximal growth 
values. To reduce microbial contamination of whole and cut vegetables combinations of nisin and tween 20. or 
nisin and citrate seems to be effective with Listeria monocytogenes and Xanthobacter flavus. This screening 
method is a very rapid technique (data are available within 24 hours). productive to give enough data. applicable 
for mathematical statistical evaluation. to confirm the effects. The accuracy and reproducibility of the method 
proved to be excellent. 
INTRODUCTION 
 
Many of the ready to eat and other new food types prepared by minimal processing 
represent new habitats for health risk and spoilage causing microbes [2]. Moreover there is an 
increasing need to elongate the shelf life of food products [1]. In order to accomplish food 
preservation demands combinations of mild treatments and hurdle technology are employed.  
Nisin a lanthionine bacteriocin is expansively used in combinations as the only 
bacteriocin recognised as generally safe (GRAS) and approved as food additive in over 50 
countries [4]. Nisin acts mainly against Gram positive bacteria. but in combination treatments 
its antimicrobial spectrum can be extended to Gram negative organisms too such as 
Pseudomonas spp. and Escherichia coli [3]. 
The effectiveness of hurdles in combination with the different microorganisms are 
tested usually in multifactorial challenge tests. Even with the use of multifactorial test design 
till now only limited number of test microbes and combined preservation measures were 
tested. One of the causes is well known: the cell count enumeration based investigations are 
extremely time consuming and laborious. Probably the development of an adequate. 
uniformly accepted rapid test system could help to speed up the studies. The presented 
experiments aimed to develop a rapid method for screening the effect of high number of 
preservative combinations on most different microbes. 
 
MATERIAL AND METHOD 
 
All treatments were performed in 200 µl end volumes. in 96 well flat bottom ELISA 
plates. Three dilutions of bacteria were applied (105. 104 and 103 CFU/ml). Nisin was 
dissolved in 50 % ethanol. and ethanol concentration in wells was equalised. Bacteria were 
suspended in the adequate medium (e.g. formulated with combination treatments). Cell 
densities were checked by turbidimetry with calibration curves. Dilutions were made by using 
the same medium. Nisin solutions were pipetted into adequate wells. than bacterial 
suspensions added. All reagents and the plates were prewarmed to 37oC. In case of heat 
treatment. plates were incubated at the adequate temperature for 2 hours. During incubation at 
37oC plates were read in a Labsystems MULTISCAN photometer at 405. 450 and 600 nm at 
0. 1.5. 2. 4. 6. 8. … 24. etc. hours. Absorption of suspensions were recorded and evaluated. 
The data sets were plotted using the „Origin” statistical software. At the presentation of the 
results data sets in a figure were standardised on a 0 - 100 scale (standardisation by content). 
Six bacterial strains were used (Escherichia coli ATCC 25922. Staphylococcus aureus 
CCM 2514. Pseudomonas aeruginosa ATCC 27853. S. choleraesuis subsp. choleraesuis 
serotype Derby (referred as S. Derby) ELTE B-298. Xanthobacter flavus ELTE B-452. 
Listeria monocytogenes OKI 9164) with four different media (Bacto Bushnell Haas Broth 
with adequate redox indicator [BHB]; BHB supplemented with peptone and meat extract 
[BHBP]; BHB supplemented with glucose and yeast extract [BHBG]; BHB supplemented 
with peptone. glucose. meat extract and yeast extract [BHBC]) treated with 3 different 
Nisaplin (Aplin and Barrett. 106 IU/g) concentrations (0. 800. 1600 IU/ml). Combination 
treatments were:  
- organic acids (lactic acid [0.5 g/l]. propionic acid [0.5 g/l]. citric acid [1.0 g/l]) added and 
pH adjusted to 5.3 
- organic acids added as above. but pH shifted back to pH 7.0 with 0.1 N NaOH 
- sulphate anion by addition of 0.4 g/l cc. H2SO4 to pH 5.3 
- sulphate anion by addition of 0.4 g/l cc. H2SO4 and then neutralised with 0.1 N NaOH 
- effect of Tweens 20   0.1 % . EDTA. heat treatment. etc. 
The colour changes of a suitable redox indicator during growth of microorganisms serve 
as index for sensitivity to treatments. As a function of the bacterial metabolic activity the 
redox potential in the culture suspensions gradually decreases. Thus “coloured” components 
are present in the reaction wells. The concentration changes of the components can be 
calculated from extinction measurements at three wavelengths: 
(1) e = ES 
where e is the extinction vector measured at three different wavelengths. S is the amount of 
different coloured components. and E is the matrix of specific extinctions. 
Thus the amount of different coloured components is: 
(2) S = E-1 e 
where E-1 is the inverse of E. 
Due to gradual changes in “background” colour (i.e. the colour of the cell mass) the 
result of equation (2) is often negative. Taking into consideration the “added” background 
extinction the correct amount of coloured compounds can be calculated. 
(3)  
where       is the added extinction at different wavelengths.        is the adequate negative 
matrix component. and      is the negative amount of the coloured component. 
As a result of the calculations the time function of the redox dye concentration change 
can be delineated. From this curves the bacterial activities can also be determined: 
sdt
dsA 1⋅=  
where t is time. 
To characterise the effect of nisin on bacteria in different treatments three characteristic 
parameters can be determined. and compared: 
- the extent of lag period (measured e.g. in hours). 
- the steepness of the redox dye concentration change curve or the steepness of the activity 
curve. and 
- the saturation value of the activity curve. 
 
RESULTS AND DISCUSSIONS 
 
With help of the test methods applied in minimum two replicates with adequate 
controls. the effect of 276 different preservative combinations were tested on 24-30 h time 
scale. Since measurements were made at three different wavelengths. with three dilutions. 
near 30 000 individual extinction values were obtained and subjected to evaluation. From the 
evaluated data sets only some treatment combination results were selected. where synergistic 
or antagonistic effects of treatments can be presented without verification by further 
mathematical-statistical analysis. 
The result of a treatment combination with Salmonella Derby is presented in Fig. 1. The 
composition of the growth medium highly influences the reducing capacity of the bacterium 
in the presence of high nisin dose. Nisin as the only source of carbon in the medium supports 
a good growth of Salmonella. When peptone or glucose is present in the medium (BHBC) the 
inhibitory effect of nisin is expressed in the form of a very short lag phase (0.5-1h) and by the 
decrease of slope of the redox dye concentration curve. The strongest inhibition is 
characteristic with BHBP medium. 
The well-known combined effect of organic acids and nisin seems to be evident from 
Fig. 2. Neither lactic acid. nor propionic acid (at pH 5.3) inhibits the activity of Listeria 
monocytogenes effectively. The addition of 800 IU/ml nisin in both cases exerts total 
inhibition of growth. Different other treatment combination effects on Listeria monocytogenes 
are presented in Fig. 3. The inhibitory effect of 0. 800 and 1600 IU/ml nisin and peptone. 
glucose. yeast-. and meat extract supplemented BHB medium (BHBC) is delineated. Growing 
nisin concentrations increase the length of lag period. but no or minor activity changes are 
seen. The nisin plus SO42- anion treatment combination effect  on Escherichia coli results are 
depicted in Fig. 4. 800 IU/ml nisin slightly decreases growth. but with 1600 IU/ml nisin an 
important extension of the lag phase can be observed. In Fig. 5. the combined effect of nisin 
with citrate anions at pH 5.3 is presented with BHBC medium on Xanthobacter flavus. On 
contrary to the no nisin control. at both nisin concentrations an effective growth retardation 
was detected similarly at the lag phase length. and at the steepness of the log phase. 
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Fig. 1. The effect of different concentrations of nisin (■0 IU/ml. ●800 IU/ml. ▲1600 IU/ml) in 
combination with medium composition (a. BHB. b. BHBC) on the growth of Salmonella derby 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The effect of different concentrations of nisin (0 IU/ml □■. 800 IU/ml ○●) in combination with 
lactic- (■●) and propionic (□○) acid at pH 5.3 in BHBC medium on the growth of Pseudomonas aeruginosa. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The effect of different concentrations of nisin (■0 IU/ml. ●800 IU/ml. ▲1600 IU/ml) on the 
growth of Listeria monocytogenes grown in BHBC medium. 
 
Considering the data previously well-documented and interesting novel results are 
equally present. As it has been documented earlier Salmonella Derby decomposes nisin using 
it as a source of C and energy in the absence of other C sources [3]. Interestingly when other 
C sources are present in the medium a slight inhibitory effect of 1600 IU/ml nisin can be 
observed. This effect is very characteristic. when peptone supplemented BHB medium is used 
as growth substrate (data not shown). It can be speculated. that in the presence of amino acids 
and short oligopeptides in the medium nisin will not be decomposed rapidly. in turn it will 
inhibit the membrane function of this Gram-negative bacterium. The glucose or peptone 
content of growth medium in presence of nisin exerted similar effects on other bacteria too 
(Staphylococcus aureus. Pseudomonas aeruginosa. e.g.; data not presented). 
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Fig. 4. The effect of different concentrations of nisin (■0 IU/ml. ●800 IU/ml. ▲1600 IU/ml) in 
combination with SO42- anions at pH 7.0 in BHBC medium on the growth of Escherichia coli. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The effect of different concentrations of nisin (■0 IU/ml. ●800 IU/ml. ▲1600 IU/ml) in 
combination with citrate anions at pH 5.3 in BHBC medium on the growth of Xanthobacter flavus. 
 
Pseudomonas aeruginosa tolerates pH 5.3 produced by the addition of adequate amount 
of lactic acid or propionic acid to the medium (Fig. 2.)[4]. The addition of 800 IU/ml of nisin 
in the medium effectively inhibits the growth of this hygienically important Gram negative 
bacterium. It is well documented that the integrity of the outer membrane of pseudomonads is 
a key component of their "drug" resistance [3]. Organic acid anions possibly help nisin to 
reach the inner membrane and influence the proton motive force generation of the bacteria. 
Further studies are needed to present evidence for this supposition [1]. 
Whereas growth of E. coli is not inhibited by nisin in BHBC medium. SO42- anions in 
the medium seem to enhance the effect of nisin (Fig.4.). Similar changes were observed with 
organic acid anions. though there are characteristic differences too. The synergistic effect of 
nisin plus anions (especially sulfate) has earlier been recorded in the literature [3]. Sulfate 
possibly enhances the membrane binding of nisin. thus inhibiting the growth of a Gram-
negative organism too. 
Citrate often used in most different foods as acidity regulator is an effective growth 
inhibitor of the Gram negative Xanthobacter flavus in combination with nisin (Fig. 5.). 
Xanthobacters are often neglected. but important spoilage causing bacteria in vegetables. 
especially in green paprika. tomato. cucumber. cabbage. etc.. thus in salad bases. and salads. 
Such combinations can be effective sanitizers in whole and cut vegetables [5]. 
A very interesting set of results was obtained with Listeria monocytogenes. whwn nisin 
and surfactant combinations were tested. 3-6. In BHBC medium administration of nisin 
lengthens the lag period of growth of L. monocytogenes. as it is well known from many 
publications [2. 2]. The combination of the surfactant TWEEN 20 into the medium in 0.1% 
(w/v) effectively helps the inhibitory effect of nisin. Though it is evident. that TWEEN 20 at 
0.5% (w/v) concentration in itself is an inhibitor: without added nisin no activity of Listeria 
monocytogenes could be detected. On contrary to this synergistic effect addition of TWEEN 
80 to the medium decreases the inhibitory effect of nisin (tested at 800 IU/ml nisin 
concentration). The key of this contradiction is most possibly connected with the difference of 
hydrophilic - lipophilic balance value of the two surfactants. Similar results were published 
for vegetable sanitizers by others [5]. 
 
CONCLUSIONS 
 An effective screening tool has been developed to test the effect of most different "nisin 
plus" treatment combinations on selected Gram positive and negative bacteria. Naturally 
promising nisin combination treatments selected in such tests have to be confirmed in model 
experiments. In this context glucose supplemented BHB medium "simulates" vegetables (e.g. 
carrots. green peas). whereas peptone supplemented BHB medium is a simplification of meat 
environment. Concerning the nisin concentrations (0. 800 and 1600 IU/ml). high values were 
chosen willingly. in order to tune the experimental design easier. In the model experiments 
moderate concentration range has to be applied. 
By selecting different treatment combinations there is a possibility to simulate 
effectively the preservation measures applied in food industry. Though the use of pure 
bacterial cultures in our test system is - excepting very special cases - far from "in vivo" 
situations. However in future tests. mixed cultures of different known bacteria. or even not 
determined spoilage consortia can be used as inoculum (e.g. collected by centrifugation from 
spoiled foods). 
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